agents against Salmonella or be used as a biosensor element for the rapid detection of this pathogen in foods.
A Salmonella Enteritidis-targeting bacteriophage (KFS-SE1) was isolated as described previously by Bandara et al. [5] . For observation of its morphology using TEM (H-7100; Hitachi, Japan), the bacteriophage KFS-SE1 was stained with phosphotungstic acid (Sigma-Aldrich Co., USA) for 30 sec and attached on a carbon-coated copper grid for 30 sec. The stained KFS-SE1 was observed by TEM at 100 kV. The host range test of KFS-SE1 was conducted using a dot assay using various bacterial strains as well as the isolates given in Table 1 . Its lytic activity was observed by formation of clear plaques. Phage stability testing of KFS-SE1 (10 7 PFU/ml) was performed under various stress conditions, including temperature (4, 10, 22, 37, 50, and 60 o C), pHs (3, 5, 7, 9, and 11) , and presence of organic solvents (absolute ethanol, chloroform, and isopropanol). Finally, all the phage mixtures were incubated at room temperature for 1 h and the KFS-SE1 titer was determined by a plaque assay [6] .
A novel bacteriophage, KFS-SE1, infecting S. Enteritidis ATCC 13076 and forming clear plaques were isolated and purified from a chicken intestinal sample obtained from a poultry processing plant (Korea). Subsequent observation of its morphology by TEM revealed that KFS-SE1 belonged to the family Siphoviridae, and it had a head (75.0 ± 3.0 nm head length and 67.6 ± 1.7 nm head width) and a noncontractile tail (228.7 ± 13.4 nm tail length) (data not shown). To verify the host specificity, a host range test was conducted with 14 different S. enterica strains as well as other various gram-positive and gram-negative strains. Interestingly, KFS-SE1 infected S. Enteritidis and S. Typhimurium, forming a clear plaque, and S. Hartford, S. Newport, S. Montevideo, and S. Salamae, forming a turbid plaque, suggesting that it specifically infects and strongly inhibits the growth of S. Enteritidis and S. Typhimurium. However, it could not infect other various strains, indicating that this phage might have a highly specific and relatively narrow host range for S. enterica infection ( Table 1 ). The phage stability may be important for applications in various stress conditions. To confirm the stability of KFS-SE1, it was tested under three different stress conditions (temperatures, pHs, and organic solvents); the results suggested that this phage was highly stable within the pH range of 5-11, temperature range of 4-60°C, and in the presence of ethanol and isopropanol ( Fig. 1) . However, its lytic activity against host was slightly low at 70°C (70% reduction), pH 3 (34% reduction), and in the presence of chloroform (23% reduction), suggesting that this phage may have potential applications under normal conditions.
The extracted genomic DNA of KFS-SE1 was sequenced by LabGenomics Co. (Korea) using the Illumina MiSeq platform (USA) and the qualified sequence reads were assembled with de novo assembler software (Platanus 1.2.4). The open reading frames (ORFs) were predicted using GeneMarkS [7] , Glimmer [8] , and FgenesV software (Softberry, Inc., USA), and the ribosomal binding sites (RBSs) were predicted using RBSfinder (J. Craig Venter Institute, USA). The predicted ORFs were annotated using BLASTP [9] and InterProScan programs [10] . The complete genome sequence and its annotation result were handled and edited using Artemis16 [11] . Phage virulence factor analysis was performed using Virulence Searcher [12] . For phylogenetic tree analysis of phage major capsid proteins (MCPs), MEGA6 was used with the neighbor-joining method with P distance values [13] , and average nucleotide identity (ANI) analysis was performed using JSpecies program [14] .
To understand the phage genomic characteristics as well as safety verification for applications, the KFS-SE1 genome was completely sequenced and analyzed. The KFS-SE1 genome consists of a 59,715-bp double-stranded DNA containing 73 predicted ORFs with a GC content of 57.14% ( Fig. 2A) . Among the predicted ORFs, 21 (28.8%) were predicted to have specific functions and the functions of other ORFs are unknown, probably due to insufficient phage genome information in public databases. These functional ORFs were categorized into five functional groups: DNA replication/modification (DNA primase/ helicase, DNA polymerase I, and terminase large/small subunits), structure and packaging (head-to-tail joining protein, capsid maturation protease, and capsid protein E), tail structure (tail assembly chaperone, tail measure protein, and tail assembly protein), host lysis (lysin protein and endolysin-like protein), and additional function (N-6-adenine-methyltransferase), suggesting that the KFS-SE1 genome has all the required core phage genes for its own replication, phage reconstruction, and host lysis. However, neither a virulence factor nor a toxin gene was detected in the genome, suggesting that KFS-SE1 may be stable and safe for use in further applications. To further understand the relationships among closely related Salmonella phages, their conserved MCP sequences were compared. Interestingly, Salmonella phages were grouped into three morphological families, suggesting that their relationship may be associated with the phage morphology (Fig. 2B) . The phage KFS-SE1 belongs to the family Siphoviridae. To verify their taxonomical relationship, further ANI phylogenetic tree analysis with complete genome sequences of the Siphoviridae family phages infecting Salmonella was conducted, revealing that phages iEPS5, Utah, and FSL SP-124 are highly related to this phage (Fig. 2C ). This ANI result showed more differential taxonomical relationships among them. Similar to the result of MCP comparison, these four phages have highly associated evolutionary relationships, suggesting that they might have evolved from a common ancestor. Based on these results, KFS-SE1 of the Siphoviridae family was noted to be highly specific to the host bacterium and highly stable under a few stress conditions, indicating high applicability. This host specificity suggests the possibility of KFS-SE1 as a biorecognition element for use in rapid detection methods. In addition, its lysis activity and lack of a virulence factor indicated that this phage could be used as a novel biocontrol agent for the prevention and control of Salmonella in foods. Therefore, KFS-SE1 may be a good candidate for various applications, with high specificity and high lysis activity toward S. Enteritidis. The complete genome sequence and its annotation information have been deposited into the GenBank database under the accession number MG280946.
